T ype 2 diabetes is associated with a twofold increased risk of coronary heart disease (CHD) in Japan (1) . A high plasma level of LDL cholesterol is one of the risk factors for CHD. Genetic factors have been thought to be associated with high plasma levels of LDL cholesterol. We previously reported that type 2 diabetic patients had significantly higher plasma levels of LDL cholesterol than nondiabetic subjects (2) , and that apolipoprotein (apo)E4 is one of the genetic factors for high levels of plasma LDL cholesterol in type 2 diabetic patients (3, 4) .
ApoE is one of the major protein constituents in triglyceride (TG)-rich lipoproteins and has an important role in cholesterol metabolism through its ability to bind to receptors (5) . The apoE genetic polymorphism is well known. Three different apoE alleles (ε2, ε3, and ε4) at a single genetic locus produce the apoE isoproteins apoE2, apoE3, and apoE4, respectively. According to genetic models of these three alleles, six apoE phenotypes (genotypes) are recognized (5) . ApoE3 is the native form. ApoE4 is caused by a change of residue 112 from Cys to Arg and has increased catabolism of TG-rich lipoproteins, leading to increased LDL levels in plasma (5) . Epidemiological studies (6) including ours (7) have shown a higher incidence of CHD in subjects with the apoE4 genotypes (apoE4/3 or apoE4/4 genotype) than in those with the apoE3/3 genotype.
Reduction of elevated levels of plasma cholesterol by dietary intervention can markedly reduce the risk for CHD (8) . Lifestyle modification, particularly diet therapy is very essential to reduce plasma cholesterol and TG and glucose levels and to prevent CHD in diabetic patients. It is well known that there is a difference in plasma cholesterol response to diet therapy among individual subjects, that is, there exist hypo-and hyperresponders to diet (9) . The difference is in part explained by genetic factors, which is related to its response to diet. ApoE4 is one of the candidate genes that may contribute to responsiveness to diet therapy, but it remains controversial (10). In diabetic patients there is little information concerning the relationship between the apoE4 allele and plasma LDL cholesterol response to diet therapy. Our previous cross-sectional study showed that hypercholesterolemia in type 2 diabetic patients with the apoE4 allele is more closely related to poor glycemic control (11) . There is, therefore, a possibility that diabetic patients with the apoE4 allele are more responsive to diet therapy and correction of glycemic control.
This study was undertaken to elucidate the effect of the apoE4 allele on plasma LDL cholesterol response to a 14-day in-hospital diet therapy in type 2 diabetic patients.
RESEARCH DESIGN AND
METHODS -Twenty-four diabetic patients with the apoE3/3 genotype (10 males and 14 females) and 11 diabetic patients with the apoE4/3 genotype (4 males and 7 females) were recruited from our school hospital. All patients are Japanese. Excluded were patients with overt nephropathy, liver disease, or endocrine disease or patients who consumed alcohol. No medication known to influence the lipid state, except for oral hypoglycemic agents or insulin, was administered. The present study was undertaken according to the principles of the Declaration of Helsinki. Written informed consent was obtained from all participants before the study. All of the patients were hospitalized in our school hospital for the metabolic and dietary control. On admission, 12 patients were treated with diet alone, 6 patients with oral hypoglycemic agents, and 19 patients with insulin. During hospital days 1-14, all patients were treated with a diet of 25.0 kcal ⅐ kg body wt Ϫ1 ⅐ day Ϫ1 without any changes of medication. The in-hospital diet included 19% protein, 60% carbohydrate, and 21% fat of the total calories and 255 mg/day of cholesterol. The ratio of polyunsaturated, monounsaturated, and saturated fatty acids (P:M:S ratio) of the in-hospital diet was ϳ1:1:1. All patients recorded their own dietary intake 3 days before hospitalization. The records were completed by the in-depth interview by a dietitian at the hospital. Based on the dietary records, total energy intake and intake of fat, cholesterol, and fatty acids were calculated. The energy derived from protein, fat, and carbohydrates relative to the total energy intake was also calculated. The food composition database (12) was used in these calculations. There was no significant difference in the daily calorie intake before hospitalization (average 32.3, apoE3/3 genotype 33.4 Ϯ 1.5, and apoE4/3 genotype 32.8 Ϯ 1.7 kcal ⅐ kg body wt Ϫ1 ⅐ day Ϫ1 ), cholesterol intake before hospitalization (average 261, apoE3/3 genotype 260 Ϯ 34, and apoE4/3 genotype 263 Ϯ 26 mg/day), and fat intake before hospitalization (average 20.7%, apoE3/3 genotype 21.0 Ϯ 1.5%, and apoE4/3 genotype 19.6 Ϯ 3.3% of total calorie intake) between the two apoE genotype groups. P:M:S ratio in the diet before hospitalization was ϳ1: 1:1.
Body weight, fasting plasma glucose (FPG) levels, and plasma levels of total cholesterol, TG, HDL cholesterol, and LDL cholesterol were measured in the morning after an overnight fast on hospital days 1 and 14. The plasma total cholesterol, TG and HDL cholesterol, and FPG were measured by enzymatic methods. LDL cholesterol was calculated by the Friedewald formula (13). This formula was available because plasma levels of TG in all patients were Ͻ400 mg/dl. Baseline HbA 1c was measured by highperformance liquid chromatography.
ApoE phenotypes and genotypes were determined by the following methods. A method for apoE phenotyping directly from plasma by isoelectric focusing and immunoblotting (Phenotyping ApoE IEF System; Joko Company, Tokyo, Japan) was used. In addition, apoE genotypes were determined by the PCR restriction fragment-length polymorphism method reported by Hixon et al. (14) . If apoE phenotypes and genotypes are not matched, this suggests that there is another mutation in apoE. However, both were matched in all cases of the present study.
All values were expressed as the mean Ϯ SE, and the significance of differences between the means was determined by Student's t test. The statistical analyses were conducted using the SAS system (StatView) (15) . P Ͻ 0.05 was considered significant.
RESULTS -Baseline characteristics of type 2 diabetic patients with the apoE3/3 or apoE4/3 genotype are shown in Table  1 . There were no significant differences in the age and duration of diabetes between the two apoE genotype groups. There were no significant differences in baseline FPG levels, baseline HbA 1c levels, or baseline BMI between the two apoE genotype groups. As shown in Table 2 , there were no significant differences in baseline (before diet therapy) plasma levels of total cholesterol, TG, and HDL cholesterol between the two apoE genotype groups, but baseline plasma levels of LDL cholesterol were significantly (P Ͻ 0.01) higher in the apoE4/3 genotype group (147 Ϯ 3 mg/dl) than in the apoE3/3 group (134 Ϯ 2 mg/ dl).
The changes of body weight, FPG levels, and plasma levels of lipids before and after diet therapy in the apoE3/3 and apoE4/3 genotype groups are shown in Table 2 . Body weight decreased slightly but not significantly after diet therapy in both apoE genotype groups. FPG levels decreased significantly (P Ͻ 0.001) after diet therapy in both apoE genotype groups. In the apoE3/3 group, plasma levels of TG decreased significantly (P Ͻ 0.05) after diet therapy, but plasma levels of total, LDL, and HDL cholesterol did not change after diet therapy. However, in the apoE4/3 group, plasma levels of total and LDL cholesterol and TG decreased significantly (P Ͻ 0.05, P Ͻ 0.001, and P Ͻ 0.05, respectively) after diet therapy. Plasma levels of HDL cholesterol did not change after diet therapy in the apoE3/3 or apoE4/3 genotype group. Plasma levels of LDL cholesterol after diet therapy were significantly (P Ͻ 0.05) lower in the apoE4/3 group (125 Ϯ 2 mg/dl) than in the apoE3/3 group (133 Ϯ 3 mg/dl).
The decrease (percentage of change) before and after diet therapy is shown in Fig. 1 . The decrease (percentage of change) in body weight, FPG levels, and plasma levels of HDL cholesterol and TG after diet therapy was not significantly dif- ferent between the apoE genotype groups, whereas the decrease (percentage of change) in total (Ϫ16.3 vs. Ϫ6.6%) and LDL (Ϫ15.6 vs. Ϫ0.7%) cholesterol after diet therapy was significantly (P Ͻ 0.001) greater in the apoE4/3 group than in the apoE3/3 group.
CONCLUSIONS -In the present study, we examined the effect of the apoE4 allele on plasma LDL cholesterol response to 14-day in-hospital diet therapy in type 2 diabetic patients. Diabetic patients with the apoE3/3 or apoE4/3 genotype showed a similar magnitude of improvement in plasma FPG and TG levels after diet therapy. However, diabetic patients with the apoE3/3 genotype showed no improvement of plasma LDL cholesterol, whereas diabetic patients with the apoE4/3 genotype showed a significantly greater improvement of plasma total and LDL cholesterol after diet therapy. The improvements in plasma glucose, cholesterol, and TG after diet therapy observed in this study may be mainly attributed to strict calorie restriction by hospitalization because only the daily calorie intake was significantly changed from 33.2 before hospitalization to 25.0 kcal ⅐ kg body wt Ϫ 1 ⅐ day Ϫ 1 after hospitalization, whereas cholesterol intake (261 vs. 255 mg/day) and fat intake (20.7 vs. 21.0% of total calorie intake) were not different before and after hospitalization. The present study, therefore, indicates that calorierestricted diet was associated with significantly greater improvement of plasma LDL cholesterol in diabetic patients with the apoE4 allele. Calorie-restricted diet is, of course, the most fundamental diet therapy for diabetic patients. As far as we know, this is the first study to describe that the apoE4 allele links calorie restriction to greater improvement of plasma LDL cholesterol in type 2 diabetic patients.
Mortality from CHD is lower in Japan than in western countries, which is in part due to the Japanese low-fat diet. However, national surveys (16) conducted in Japan indicate that although the mean total energy intake has remained steady, fat intake increased to 26.5% of total energy intake in the year 2000. Japanese diabetic patients are recommended to have 20 -25% energy intake from fat, 15-20% from protein, and 60% from carbohydrate and to have a daily calorie intake of 25-30 kcal ⅐ kg body wt Ϫ1 ⅐ day Ϫ1 and a cholesterol level Ͻ300 mg/day (17, 18) . Therefore, the in-hospital diet selected in the present study is the diet recommended for Japanese diabetic patients. It is of great interest that fat intake remained 20.7% in patients ϳ60 years of age, even before hospitalization. As a result, there was only a difference in the daily calorie intake and no difference in fat or cholesterol intake before and after hospitalization; thus, the effect of fat or cholesterol intake on the results may be negligible in the present study.
There have been many reports concerning the effect of the apoE4 allele on plasma cholesterol response to low-fat and/or low-cholesterol diet therapy in nondiabetic subjects (10) . The presence of the apoE4 allele was suggested to enhance intestinal cholesterol absorption (19) and then to increase plasma cholesterol response to dietary cholesterol. In fact, it was reported that low-fat and lowcholesterol diets contribute to greater improvement of plasma total and LDL cholesterol in normal subjects with the apoE4/4 or apoE4/3 genotype (20), which is supported by a meta-analysis (21) . In addition, it was reported that the apoE genotype does not predict lipid response to changes in dietary saturated fatty acids (22) . In the present study, there were no significant differences in dietary cholesterol and fat intake or in the ratio of dietary fatty acids before and after hospitalization; thus, these factors may not explain the present finding of greater cholesterol response in diabetic patients with the apoE4 allele.
Diabetic patients with the apoE4/3 genotype had significantly higher baseline plasma levels of LDL cholesterol than those with the apoE3/3 genotype, which is consistent with our previous findings (3, 4) . We reported that obesity and/or poor glycemic control contribute(s) to high plasma levels of LDL cholesterol in diabetic subjects with the apoE4 allele (11) or in obese subjects with the apoE4 allele (23) . Since there were no significant differences in baseline levels of FPG, BMI, and dietary fat and cholesterol intake between the diabetic patients with apoE4/3 and apoE3/3 genotypes, these may not account for higher baseline plasma levels of LDL cholesterol in diabetic patients with the apoE4/3 genotype. ApoE4 was reported to be more effective in converting TG-rich lipoproteins to LDL, leading to increased LDL levels in plasma (5, 24) . In addition, there is a report that intestinal cholesterol absorption efficiency is greater in subjects with the apoE4 allele, although this is not confirmed in diabetic patients (19) . Thus, these effects of apoE4 may account for higher baseline plasma levels of LDL cholesterol in diabetic patients with the apoE4/3 genotype.
Plasma levels of LDL cholesterol were significantly decreased after diet therapy in diabetic patients with the apoE4/3 genotype than in those with the apoE3/3 genotype. The mechanism of greater LDL cholesterol response to calorie restriction in diabetic patients with the apoE4 allele remains at present unknown. Calorie restriction may decrease plasma glucose and decrease visceral fat mass and circulating fatty acid concentration, resulting in the decrease of VLDL production in the liver and the decrease of plasma TG, which reflects VLDL. Calorie restriction may also improve insulin sensitivity, increase plasma glucose disappearance, and possibly stimulate lipoprotein lipase activity, resulting in enhanced conversion of VLDL to LDL and the decrease of plasma TG. In fact, body weight fell slightly, and FPG levels and plasma levels of TG fell significantly at the same extent after calorie-restricted diet in diabetic patients with the apoE4/3 or apoE3/3 genotype. In addition, calorie restriction improves hyperglycemia and may reduce glycated LDL, which is less effectively catabolized by LDL receptor and which accumulates in plasma (25) , resulting in the decrease of plasma LDL. Murakami et al. (26) reported that 7-day calorie-restricted diet therapy was effective to reduce plasma TG and glucose levels but not effective to reduce plasma LDL cholesterol levels in type 2 diabetic patients with the apoE3/3 genotype or even in those with the apoE4 genotypes; this suggests that plasma LDL cholesterol response to calorie restriction is slower than plasma glucose and TG response to calorie restriction in diabetic patients. The present study indicates that long-term (at least 14 days) calorie restriction reduces plasma LDL cholesterol levels in type 2 diabetic patients with the apoE4/3 genotype but not in those with the apoE3/3 genotype. The presence of apoE4 is possibly associated with faster catabolism of lipoproteins including LDL (24) . It is unknown whether diabetic patients with the apoE3/3 genotype are nonresponders of plasma LDL cholesterol to calorie restriction or they are responders when they follow the calorie-restricted diet for the longer term.
ApoE4 is a genetic factor that leads to high plasma levels of LDL cholesterol and CHD in nondiabetic subjects (6, 7) and in diabetic patients (3, 27) . Reduction of elevated levels of plasma LDL cholesterol is very important to prevent CHD in diabetic patients with the apoE4 allele. The 14-day calorie-restricted diet therapy is a beneficial measure to treat hypercholesterolemia in type 2 diabetic patients with the apoE4/3 genotype, since the apoE4 allele appears to link calorie restriction to greater improvement of plasma LDL cholesterol. Further studies are needed to elucidate the detailed mechanisms and the effects of other genes on cholesterol response to diet.
